Purpose Psychosocial stress is associated with obesity in some populations, but it is unclear whether the association is related to migration. This study explored associations between psychosocial stress and obesity among Ghanaian migrants in Europe and non-migrant Ghanaians in Ghana. Methods Cross-sectional data from the RODAM study were used, including 5898 Ghanaians residing in Germany, the UK, the Netherlands, rural Ghana, and urban Ghana. Perceived discrimination, negative life events and stress at work or at home were examined in relation to body mass index (BMI) and waist circumference (WC). Linear regression analyses were performed separately for migrants and non-migrants stratified by sex. Results Perceived discrimination was not associated with BMI and WC in both migrants and non-migrants. However, negative life events were positively associated with BMI (β = 0.78, 95% CI 0.34-1.22) and WC (β = 1.96, 95% CI 0.79-3.12) among male Ghanaian migrants. Similarly, stress at work or at home was positively associated with BMI (β = 0.28, 95% CI 0.00-0.56) and WC (β = 0.84, 95% CI 0.05-1.63) among male Ghanaian migrants. Among non-migrant Ghanaians, in contrast, stress at work or at home was inversely associated with BMI and WC in both males (β = − 0.66, 95% CI − 1.03 to − 0.28; β = − 1.71 95% CI − 2.69 to − 0.73, respectively) and females (β = − 0.81, 95% CI − 1.20 to − 0.42; β = − 1.46, 95% CI − 2.30 to − 0.61, respectively). Conclusions Negative life events and stress at work or at home are associated with increased body weight among male Ghanaians in European settings, whereas stress at work or at home is associated with reduced body weight among Ghanaians in Ghana. More work is needed to understand the underlying factors driving these differential associations to assist prevention efforts.
Introduction
Over the past 40 years, the number of obese people has grown exponentially, surpassing the number of underweight people in the world [1] . This shows the extent to which obesity has become a global concern, and emphasizes the importance of understanding its underlying causes and identifying at-risk populations to limit its health-related complications. In Europe, migrant and ethnic minority populations have been shown to suffer more from obesity and its consequences such as type 2 diabetes than the general European populations [2, 3] . Sub-Saharan African (SSA) migrants, one of the most rapidly increasing migrant communities in Europe, are among the most affected by both obesity and type 2 diabetes [4] [5] [6] [7] [8] [9] . However, understanding the role of migration on obesity rates among SSA migrants requires comparing migrants with the population of their country of origin [10] . The RODAM study did this by performing a cross-sectional analysis of Ghanaians living in Europe (the Netherlands, Germany, and UK) and Ghana [5] . Results revealed that both female and male Ghanaian migrants in Europe were significantly more obese than nonmigrants in Ghana [5] .
While the specific ways in which migration affect obesity remain unclear, current studies point towards a complex interplay of factors influencing energy intake and expenditure [2, 7, 11] . In migrant populations, whose genetic profiles are similar to their non-migrant peers, a literature review by Misra and Ganda concluded that the contextual changes due to migration, combined with their cultural and socioeconomic background, can change their lifestyle and introduce stress, which may contribute to obesity [2] . Indeed, upon migration, migrants are exposed to a high number of new psychosocial stressors. A qualitative study of Ghanaian migrants in the Netherlands showed that they were affected by economic and social pressures from their homeland, which were associated with high levels of perceived stress [12] . Furthermore, these migrants cited "adapting to Dutch society" as a source of stress and health problems [12] . Migrants face barriers such as financial issues with debts and taxes, insecurity, and job stressors, which can all lead to stress [13, 14] . Further recurrent psychosocial stressors among migrants in Europe have been attributed to racial discrimination and lack of social support [8, 15] . Considering that stress has been identified as a risk factor for obesity [2, 7, 11] , the change in environmental stressors could potentially explain the high rates of obesity within migrant populations. This relationship between psychosocial stress and health outcomes among migrants may differ compared with the population of their country of origin who did not migrate, since both groups are exposed to different contexts. However, associations between stress and obesity may also differ within the migrant population, considering that the structural, socioeconomic background and cultural factors are dynamic, intersecting processes, which work together with other factors, in particular gender, to shape migrant experiences [16] . Therefore, this study aimed to examine the associations between stress and obesity across settings and genders, among Ghanaian migrants in Europe compared to non-migrants in Ghana.
For the purpose of this study, stress is defined as the result of an imbalance between an individual's environmental demands, or "stressors", and their available resources to cope with these demands [17] [18] [19] . In the case where stressors exceed a person's coping resources, stress is perceived by the individual, which activates a stress response that may later lead to a distressed condition such as depression [17] [18] [19] [20] . From a physiological viewpoint, the stress response involves the release of glucocorticoids from the hypothalamus, which are ultimately able to alter both appetite regulation and metabolism thus leading to weight gain [21] [22] [23] [24] [25] . Additionally, stress has been shown to increase preference for energy-dense foods while decreasing physical activity, leading to increased body weight, and, subsequently, increased prevalence of overweight and obesity [26] [27] [28] . Despite this physiological evidence, epidemiological studies examining the relationship between stress and obesity have not produced consistent results [29] . A meta-analysis of 14 cohort studies from around the world revealed that, although higher stress did generally promote weight gain, 69% of analyses showed no association between stress and adiposity [29] . However, this meta-analysis was limited by the lack of a consistent measure of stress: different stressrelated measures, from job dissatisfaction and caregiver stress to negative life changes, were used in each study [29] . This variance can be partly explained by the fact that stress is an intricate concept which is difficult to define objectively, as it is directly linked to very different stressors such as job stress, negative life events, or discrimination, but also coping resources and distressed reactions elicited such as depression [30] . However, this also means that restricting stress to only one of its aspects, as done in many studies of the meta-analysis, may conceal some of its effects on health. Additionally, the findings were further complicated by the different populations examined in each study, for whom stress may not be experienced in the same ways [30] . Indeed, as explained previously, contextual differences between populations may entail different environmental stressors and interactions with these stressors, which could potentially lead to differential associations of stress and obesity. Therefore, the inconsistent results of the meta-analysis highlight the importance of using multiple stress measures and exploring associations across settings when different contexts are involved.
This study focused on psychosocial stress including perceived discrimination, negative life events, and perceived stress at home or at work to explore their associations with obesity among Ghanaian migrants in Europe and nonmigrants in Ghana. Two research questions in particular were addressed:
1. Are psychosocial stress factors associated with obesity in Ghanaian migrants and their non-migrant peers? 2. Does the association of psychosocial stress factors with obesity in Ghanaian migrants differ from their nonmigrant peers?
Methods

Study population
The Research on Obesity and Diabetes among African Migrants (RODAM) study data were used for this study. Full details of the study aims, design and methods have been published previously [5, 7] . In brief, RODAM is a multi-centre cross-sectional study, which was performed between 2012 and 2015 with the aim of uncovering the causes of high obesity and type 2 diabetes prevalence among SSA migrants in Europe. The sample consists of Ghanaian adults between the ages of 25 and 70-year-old, residing in five different locations: rural and urban Ghana (Ashanti region), Germany (Berlin), UK (London), and the Netherlands (Amsterdam). Recruitment strategies differed slightly per location, due to differences in population registration systems. In Ghana, a random sampling procedure was used to select 15 rural census enumeration areas and two cities in the Ashanti region. Team members then organized local mini-clinics to collect data within the communities. In Berlin and London, individuals were randomly drawn from member lists of Ghanaian churches and organizations. In Amsterdam, Ghanaian individuals were identified and randomly selected from the Amsterdam Municipal Health register. In all European sites, selected individuals received written invitations. The participation rates differed across locations: 76% in rural Ghana, 74% in urban Ghana, 68% in Berlin, 75% in London, and 53% in Amsterdam. Before implementation, the project was approved by ethics committees in all sites and all participants gave written consent. Data were collected through a physical examination and a structured questionnaire administrated via interview, paper, or digitally, based on the preference of the participant. Interviewers had a Ghanaian background, received specific training, and were instructed to conduct interviews in the preferred language of the participant. The questionnaire contained information on demographics, migration history, socioeconomic status, health status, and a psychosocial section including subparts for "recent well-being (depression)", "perceived discrimination", "recent experiences (negative life events)", and "perceived psychological stress at work or at home". The physical examination assessed a series of anthropometric measurements performed twice on each participant by the same examiner. Weight was measured to the nearest 0.1 kg and height to the nearest 0.1 cm. BMI calculation was based on weight (kg) divided by squared height (m 2 ). Waist circumference (WC) was measured twice in centimetres (via measuring tape) and the average of both measurements was reported. Data collection methods were identical in all locations, using validated devices according to standard operating procedures.
Dependent variables
The dependent variables of this study were BMI and WC. BMI was chosen for being the most commonly used indicator of adiposity and thus easily comparable to other studies, while WC is thought to be more strongly associated with health risks in SSA populations [29, 31] . Obesity in terms of BMI was defined as per WHO standards as a BMI ≥ 30 kg/ m 2 [32] . Abdominal obesity was categorized according to WHO cutoffs for substantially elevated risks: waist circumference > 88 cm in women and > 102 cm in men [32] .
Independent variables
In this study, the independent variables were psychosocial stress factors that assessed perceived discrimination, perceived stress at work or at home, and negative life events.
Perceived discrimination
Perceived everyday discrimination, which refers to routinely experienced and often subtle instances of unfair treatment, was measured using an adapted version of the Everyday Discrimination Scale (EDS) [33, 34] (Appendix 1). This 9-item scale asked participants to rate the frequency with which they experience daily mistreatment, such as being treated with less courtesy or less respect, receiving poorer service than other people or being called names or insulted. Participants could rate each of the nine items from "never" = 1 to "very often" = 5, and scores were summed and averaged to obtain a final score of 1-5, with five indicating very frequent perceived discrimination. The EDS, which is one of the most commonly used self-reported discrimination scales [35] , has consistently demonstrated high reliability across a variety of ethnicities [36, 37] , including African migrants in the Netherlands [38] .
Perceived stress at work or at home
Perceived stress at work or at home was defined as "feeling irritable, filled with anxiety, or as having sleeping difficulties as a result of conditions at work or at home", and was measured by a psychological stress scale created by the INTERHEART study [30] (Appendix 2). Participants were asked two questions, about stress prevalence at work and at home, and could answer "never", "some periods", "several periods", or "constantly". Both answers were then combined into a general score, graded into four categories: never experienced stress, experienced some periods of stress at home or at work, experienced several periods of stress at home or at work, and experienced permanent stress at home or at work [30] .
Negative life events
To measure the presence of major negative life events that could cause acute stress to an individual, the widely-used and well-validated List of Threatening Experiences (LTE) was applied [39, 40] . This list typically asks participants whether they have, in the past 12 months, experienced any of a series of 12 unpleasant events, although a slightly-altered version consisting of nine items was used in RODAM for clarity purposes (Appendix 3). Subjects were dichotomized into "no negative life events" (coded as 0) and "one or more event" (coded as 1) and participants in the second category were expected to have higher levels of stress.
Covariates
Covariates assessed were sex, age, socioeconomic status (education), marital status, depressive symptoms, and migration-related factors (migration generation, length of stay in Europe in years, cultural orientation). Education had four levels, ranging from "never been to school or elementary schooling only" to "higher vocational schooling or university". Marital status contained two categories, subjects being either "married/in a registered partnership" or "not married". Depressive symptoms were assessed using the standard, well-validated, and self-administered Patient Health Questionnaire (PHQ-9) [41] . A cutoff of ≥ 10 points was used to identify significant depressive symptoms; this threshold is considered optimal in terms of sensitivity and specificity, and represents moderate depression [41] . Migration generation, length of stay and cultural orientation were assessed for Ghanaian migrants only. Migration generation was defined based on country of birth, with first-generation migrants born in Ghana and second-generation migrants born in Europe from Ghanaian parents. Cultural orientation was measured using an adapted version of the Psychological Acculturation Scale (PAS) developed by Tropp et al. [42] . Specifically, migrants were asked to rate their agreement with ten statements regarding their attachment to British, Dutch, and German culture on a 5-point Likert scale in the three European countries. Results were then averaged and categorized into "less acculturation" and "more acculturation". Length of stay was defined as the number of years lived in Europe, at the time of data collection. Both variables were adjusted for due to evidence suggesting that they influence mental health [43] [44] [45] .
Statistical analysis
Baseline statistics were reported as either the mean and standard deviation (mean ± SD) or median and interquartile range [median (IQR) for continuous variables, depending on skewness; count and percentage (n (%)] were used for categorical variables. Tests were carried out separately for migrants and non-migrants. To compare both populations, the t test and independent samples median test were used, for mean values and medians, respectively. Interactions between sex and psychosocial stress (sex*psychosocial stress factor) as well as site (Europe or Ghana) and psychosocial stress (site*psychosocial stress factor) were assessed in linear regression models for both BMI and WC. Since they were significant, associations between psychosocial stress factors (perceived discrimination, stress at work and at home, negative life events) and obesity (BMI and WC) were presented by sex and site. Furthermore, for each analysis performed, participants with missing data for any of the variables included were excluded from the analysis. The number of missing values was very low for sex, age, BMI and WC (< 2% in Europe and Ghana).
Associations between psychosocial stress factors and obesity (BMI and WC) were determined by linear regression models, which were used separately for each psychosocial stress measure in relation to BMI and then in relation to WC. Model 1 consisted of the psychosocial stress measure in question, with adjustment for age. Model 2 was further adjusted for educational level as a potential confounder. Additionally, we adjusted for depressive symptoms in model 3, as a potential intermediate factor. Model 4 was only applicable to migrants, and further adjusted for migration generation, and length of stay in Europe in years. In all models, perceived discrimination and stress at home or at work were treated as continuous variables, with a score from 1 (never experienced discrimination) to 5 (very frequently perceived discrimination) for the former and 1 (never experienced stress) to 4 (permanent stress at work/home) for the latter. Results were described as unstandardized β-coefficients with corresponding 95% confidence intervals and p values. All p values were considered significant at the 0.05 level. All analyses were carried out using SPSS 24.0 for Mac.
Results
General study population characteristics
A total of 3332 Ghanaians in Europe and 2566 Ghanaians in Ghana were included in this analysis. Their general characteristics are reported in Table 1 , by sex and place of residence. Overall, 41.3% (n = 1377) of the migrant group and 33.2% (n = 852) of the non-migrant group were males. Among males, the mean age was 46.4 years for the migrant population, and 47.5 years for the non-migrants. Among females, the mean age was 45.2 years for migrants, and 46.2 years for non-migrants. Migrants were more highly educated than non-migrants, with 21.9% of male migrants having achieved the highest level of education compared with 7.9% of nonmigrants (p < 0.001), and 12.1% of female migrants compared with 2.4% of non-migrants (p < 0.001). Contrarily, a lower number of migrants were married or in a registered partnership compared to non-migrants, for both males (46.2% versus 69.2%; p < 0.001) and females (34.5% versus 51.0%; p < 0.001). Most of the Ghanaians in Europe were first-generation migrants (97.9% for males and 96.4% for females) and had migrated 17.1 years ago on average for males and 17.4 for females. Observed levels of acculturation were high, 1 3
with 77.2% of males and 74.6% of females reporting higher levels of acculturation. A similar number of migrant and nonmigrant males were affected by depressive symptoms (6.3% versus 4.4%; p = 0.072). Among females, this number was higher in migrants than in non-migrants (8.2% versus 5.8%; p = 0.008). In terms of body indices, the BMI of migrants was on average 26.9 kg/m 2 for males and 30.1 kg/m 2 for females, which is significantly higher (p < 0.001) than the BMI of nonmigrants, which was 22.4 kg/m 2 for males and 26.2 kg/m 2 for females. A significantly greater proportion of migrants was obese compared with their non-migrant counterparts, for both males (18.4% versus 3.9%; p < 0.001) and females (47.8% versus 23.4%, respectively; p < 0.001). These results were consistent with abdominal obesity: the average waist circumference of migrants (92.2 cm for males and 95.1 for females) was significantly higher (p < 0.001) than non-migrants (80.7 for males and 88.3 for females), as was the proportion of migrants with abdominal obesity (16.4% for males and 71.0% for females) compared to non-migrants (2.3% for males and 47.5% for females).
Psychosocial stress measures and obesity
Associations of each psychosocial stress factor with BMI and WC are reported in Table 2 , by place of residence and sex.
Perceived discrimination
Ghanaian migrants reported more perceived discrimination than non-migrants. However, no significant association was found between perceived discrimination and BMI or WC, even after further adjusting for other factors.
Perceived stress at work or at home
Male and female migrants reported higher rates of permanent stress (3.7% versus 1.9% for males and 4.0% versus 1.5% for females; p < 0.001) and absence of stressful periods (3.7% versus 1.9% for males and 4.0% versus 1.5% for females; p < 0.001) at work or at home over the last year, while more non-migrants reported having felt some (54.3% versus 38.3% for males and 55.0% versus 35.6% for females; p < 0.001) or several periods of stress at work or at home (13.2% versus 8.4% for males and 15.2% versus 12.2% for females; p < 0.001). Among migrant females, no association between stress at work or at home and BMI or WC was found, even after adjusting for other factors. Among migrant males, a weak positive association of stress at work or at home with BMI was observed in model 2 (β = 0.28, 95% CI 0.00-0.56) and with WC in model 4 (β = 0.84, 95% CI 0.05-1.63). However, these differences disappeared after further adjustment for other factors. Among non-migrants, an increase in stress frequency at work or at home was associated with a significant decrease in BMI and WC for both males (β = − 0.66, 95% CI − 1.03 to − 0.28; β = − 1.71 95% CI − 2.69 to − 0.73, respectively) and females (β = − 0.81, 95% CI − 1.20 to − 0.42; β = − 1.46, 95% CI − 2.30 to − 0.61, respectively) even after adjusting for other factors.
Negative life events
Although a high percentage of non-migrants and migrants had experienced one or more negative life events within the past 12 months, the percentage was significantly higher in non-migrant males (69.8% versus 59.6%; p < 0.001) and females (68.0% versus 58.3%; p < 0.001), compared with their migrant counterparts. However, negative life events were associated with BMI and WC among migrant males only, for whom the presence of a past negative event was associated with an increase in both BMI and WC (β = 0.78, 95% CI 0.34-1.22; β = 1.96 95% CI 0.79-3.12, respectively). Among non-migrants and female migrants, negative life events were not significantly associated with BMI nor WC.
Discussion
Key findings
This study investigated associations between psychosocial stressors and BMI and WC in Ghanaian populations living in different contexts. Results differed based on stress factor, sex, and place of residence. Both the presence of one or more negative life event and stress at work or at home were positively associated with WC among male Ghanaian migrants in Europe. In contrast, stress at work or at home was negatively associated with BMI and WC in both female and male non-migrant Ghanaians. Other psychosocial stress factors revealed no significant associations.
Interpretation of key findings
In this study, we found that certain psychosocial stress factors were associated with BMI and WC in both migrant and non-migrant populations. However, the direction of the associations differed between migrant and non-migrant Ghanaians. Significant positive associations between negative life events as well as stress at work or at home and BMI and WC were found among Ghanaian migrant males. Among non-migrant Ghanaian males and females, however, stress at work and at home was negatively associated with BMI and WC. No associations were found in relation to perceived discrimination. Such variations in the associations of psychosocial stress factors with obesity could be expected, as the concept of stress includes many factors, which may be relevant or not, depending on the experiences of the population studied [30] . In fact, previous epidemiological studies, which examined factors such as job stress, childhood adversity, and caregiver stress, similarly found inconsistent associations of the stress variables with obesity [29] .
Of the three psychosocial stress factors used in this study, negative life events were the most consistently associated with BMI and WC among male Ghanaian migrants. Despite a larger percentage of non-migrants having experienced one or more negative life event(s) within the past year, the association between negative life events and BMI and WC was observed in male migrants only. The explanations for these differential associations are unclear but may relate to factors such as perceived stress following the event, and behavioural response to the event. Firstly, it is possible that the degree of stress perceived following a negative life event is higher among migrants, who have added social and financial obligations to their family and friends back in Ghana [12] . For them, negative events such as unemployment or major illness may lead to concerns about fulfilling homeland obligations, as explained by Ghanaian migrants with hypertension in the Netherlands [12] , and therefore increase the level of stress perceived following the event compared to non-migrants. This could in turn trigger a stronger physiological stress response, leading to weight change [21] [22] [23] [24] [25] . Perceived stress may also be higher among migrants due to personal frustrations following job or economic negative events. Indeed, migrants being on average more highly educated, may have higher job expectations and therefore increased stress and frustration when things go wrong. This is especially relevant in the context of Ghanaian migration to Europe, where "de-skilling" occurs regularly [46] , leading to imbalances between expectations and reality that add stress to the migrant burden [47] . Secondly, it is possible that the European environment changes migrants' behavioural response to a negative life event stressor in such a way that obesity is favoured. Indeed, life events are often coped with by avoiding the problem, through unhealthy behavioural responses such as drinking, eating, or smoking more [48, 49] . Considering that smoking prevalence and alcohol consumption are significantly higher in Ghanaian migrants in Europe than in non-migrant Ghanaians in Ghana, as well as intake of unhealthy westernised foods [50] , it is likely that a higher number of migrants respond to stressful life events by adopting aforementioned obesity-related behaviours. This holds particularly true for long-term migrants, seeing that acculturation and resulting dietary changes are processes, which occur over time. Although we controlled for acculturation in model 4, the cultural orientation measure available focussed on the psychological aspects of acculturation rather than behavioural tendencies. Therefore, to assess whether behavioural responses to stress are indeed responsible for differential associations between negative life events and BMI and WC among migrants and non-migrants, future studies should consider including a measure of healthrelated coping behaviours. One such example is the Self-Regulatory Coping Behaviors (SRCB) index used by Mezuk et al. which evaluates smoking, alcohol intake, dietary habits and exercise following a stressful event [51] .
In terms of sex variations, the stronger associations of a psychosocial stress factor with obesity observed in migrant males compared to females were consistent with literature [29, 52] . While the reasons behind these sex variations remain unclear, different hormonal responses to stressful situations are suggested to be involved [53] [54] [55] . Indeed, men have been shown to respond to stressful situations with an increased glucocorticoid response compared to women, even when the reported subjective stress was identical [53] . Therefore, male Ghanaian migrants who reported the same stressful life events as females may actually have been exposed to higher glucocorticoid levels, which are known to promote energy storage as fat, affect food reward value typically increasing appetite, and have been associated with increased likelihoods of obesity [25, 26, 56] . Another hypothesis relates to the differential experiences male and female migrants may have in the host country, due to the intersection of their social identities and roles. Although both genders migrate to Europe primarily for work motives, many more Ghanaian females than males migrate for family reunion [57] , and may therefore not have as much financial pressure as males migrating purely for economic reasons. Furthermore, Ghanaian gender norms place high expectations on men as the financial providers for the family [58] . Male migrants may thus have higher level of pre-existing socially dictated responsibilities, which, when combined with negative life events, could lead to added stress and thus more weight gain compared to females.
In the case of perceived discrimination, no associations with BMI and WC were found among Ghanaians in Europe or Ghana. These results are consistent with studies of migrants in The Netherlands, which found no evidence for an association between discrimination and obesity among Ghanaians, although other ethnic groups showed significant positive associations [59, 60] . A potential explanation for the lack of association between discrimination and obesity is the strong social support and intragroup cohesion demonstrated by Ghanaians at home as well as in the Netherlands and the UK [13, 61] , traits which have previously been found to attenuate associations between discrimination and ill health [62] . It is therefore possible that Ghanaians' strong community orientation acts as a buffer against the negative consequences of discrimination on health [60] .
Stress at home or at work was weakly associated with an increase in BMI and WC in the male migrant population and strongly associated with a decrease in BMI and WC in the non-migrant population. These differences between populations are representative of previous literature focusing on stress at work, which show inconsistent positive associations between stress and BMI and WC [28, 30, 63, 64] . In a literature review of 10 cross-sectional studies, the authors found no support for an association between psychological workload and body weight or fat distribution [63] . Similarly, a cross-sectional study of female and male Finnish public sector workers examining higher job strain, lower job control, and higher effort-reward imbalance found only weak positive associations with BMI [28] . In contrast with these findings, a longitudinal study of the Whitehall II cohort of London-based workers showed that greater exposure to work stress over 19 years was linked to a significantly higher likelihood of general and abdominal obesity [64] . For Ghanaian migrants, who have recurrently reported working and living conditions as stressors [14] , a longitudinal study such as the one performed with the Whitehall cohort may therefore be required to uncover consistent associations between stress at home or at work and general or abdominal obesity.
More striking are the strong negative associations between stress at home and at work and BMI and WC reported among the non-migrant Ghanaian population. Such negative tendencies were apparent with all three stress factors, but so far not significant. Although unexpected, these results are congruent with findings from a study performed in Ghana, which investigated relations between diet, stress, and chronic diseases, and concluded that more anxious males had, on average, lower body fat [65] . A similar inverse trend in Ghana compared to high-income countries has been observed previously, between socioeconomic position and obesity [66] . In high-income countries, lower socioeconomic position is associated with higher obesity, while in some low and middle-income countries such as Ghana, lower socioeconomic position is linked to lower obesity levels [66, 67] . This is explained by wealthier people adopting unhealthy Western diets and exercising less, while individuals with a lower socioeconomic position do not have access to the same food choices [66, 67] . In fact, some non-migrant Ghanaians suffer from food insecurity, which has been shown to significantly augment their perceived psychological stress levels while decreasing their caloric intake [68, 69] . It is therefore possible that lack of food access due to a low income is at least partially responsible for higher levels of stress being associated with lower adiposity among non-migrant Ghanaians. Following migration to Europe, environmental changes lead to a wider variety of food on offer, including unhealthy westernised energy-dense foods high in fat and sugar consumed more frequently by migrant Ghanaians in Europe than by non-migrants in Ghana [50] . These types of food are also preferred during periods of stress [56] , which could possibly explain why Ghanaian migrants in Europe gain more weight when exposed to psychosocial stress factors than non-migrant Ghanaians.
Strengths and limitations
A main strength of this study is the use of four stress measures applicable and comparable among Ghanaians in Europe and Ghana to account for different aspects of stress, including perceived discrimination and more objective measurements such as negative life events. Furthermore, this study was based on a large homogenous sample of Ghanaians living in different locations, and data were collected according to standardized protocols across sites. However, several limitations should be considered. First, this study being cross-sectional, associations between stress and obesity pre-migration were not measured in the migrant population; thus, to understand the impact of migration on these associations, we are limited to comparing migrants to non-migrant Ghanaians, who may not respond to stress in exactly the same way. Second, also due to the cross-sectional design, the duration of stressors was not accounted for and the effects of chronic and acute stress on BMI and WC were therefore not differentiated, which may have attenuated the results. Third, all measures of stress were self-reported and thus subject to reporting bias. No objective physiological measure of stress such as cortisol levels was available, which could have revealed different associations. Fourth, several covariates were not accounted for in this study, such as income, food availability and prices. Thus, we cannot exclude the possibility of these variables influencing associations between psychosocial stress and BMI and WC. Fifth, most migrants included in the study were long-term migrants. We are therefore unable to comment on associations between psychosocial stress and BMI and WC among short-term migrant populations. Finally, despite efforts made during data collection, psychosocial stress measures in particular revealed different numbers of missing values in Europe and Ghana, which may have affected the validity of our results. Notwithstanding, these results provide novel insight into how stress may differentially affect obesity among migrating and non-migrating populations.
Conclusions
This study is the first to our knowledge to explore associations between psychosocial stress and obesity among SSA migrants in Europe and their non-migrant peers in Africa. We found significant associations in both populations; however, these differed in direction. Such findings suggest that the European context promotes an obesogenic stress response among male migrants, which is likely related to an increased intake of unhealthy westernised foods. Future research should therefore aim to establish causal connections between migration, stress, and adiposity using a longitudinal approach, to help further understand the origins of high obesity rates among migrants in Europe. 
